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What does it mean when a baby smiles? Is it an expression of enjoyment, 
a signal to a partner that rewards effective caretaking, or simply a mus­
cular contraction? Do physically different types of smiles indicate differ­
ent things? Should the social context in which an infant smiles inform 
our understanding of the smile? To address these questions, we apply 
insights and ideas from a dynamic systems perspective to anatomical, 
social interactive, and neurophysiological data on the development of 
infant facial action (Fogel, 1993; Fogel & Thelen, 1987; Thelen, 1995; The- 
len & Smith, 1994).
Two methodological and theoretical approaches to the study of facial 
action and to our initial questions can be identified. The Differential 
Emotions approach postulates that certain facial displays are expressions 
of discrete emotions while others are not (Ekman, 1994). The approach 
has generated research investigating the production (Izard, Hembree, 
Dougherty, & Spizzirri, 1983b) and recognition (Ekman, Friesen, & Ells­
worth, 1972) of a set of facial displays thought to be prototypical 
expressions of a limited set of discrete emotions. The research has pro­
ductively explored the physiological (e.g., Levenson, Ekman, & Friesen,
1990), cerebral (e.g., Fox & Davidson, 1988), and situational (e.g., Izard 
et al., 1983b) correlates of these facial displays. Using this approach, how­
ever, the coordination inherent in complex facial displays is a reality to 
be accepted, not a puzzle to be explored.
Is there more to facial action than displays of discrete emotion? Cam- 
ras (1992) argues that a key premise of the differential perspective is that 
discrete emotions are associated with distinct eliciting conditions. Certain 
situations, for example, should typically elicit sadness, while others 
should elicit anger. Among infants, however, anger displays response to 
all negative elicitors, and sad displays are not a predominant response 
to any elicitor (Camras, 1992). Michel, Camras, and Sullivan (1992) have
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also demonstrated that discrete displays may be part of larger action 
structures that may not be emotional. For example, brow raising is a 
component of what have been posited to be interest expressions (Izard, 
1983). However, in an experimental paradigm, brow raising during such 
expressions was typically related to infants raising their heads and/or  
eyes to gaze at an object presented above their line of sight (Michel et 
al., 1992). Thus, questions have been raised about the accuracy of view­
ing prototypical displays as expressions of discrete emotions, and about 
nonemotional factors involved in the formation of these displays.
The Dynamic Systems Approach explored in this chapter emphasizes 
the description of co-occurring and sequential patterns of facial action in 
relatively spontaneous social interactions (see Fernandez-Dols & Ruiz- 
Belda, chapter 11, this volume; Oster & Ekman, 1977; Oster, 1978). We 
explain these patterns in terms of the interplay of muscular, cerebral, 
neural, attentional, experiential, and interactive constituents of what can 
be broadly described as emotional phenomena. We see the effort to ex­
plain patterns of facial actions as part of a dialogue with functional (e.g., 
Barrett, 1993; Campos, Mumme, Kermoian, & Campos, 1994), ethological 
(e.g., Fridlund, 1991; Fridlund, chapter 5, this volume), and differential 
approaches (e.g., Ekman, 1994; Izard, chapter 3, this volume; Izard & 
Malatesta, 1987) to facial action and emotion.
From a Dynamic Systems perspective, the mutual influence of facial 
actions with neurophysiological and interpersonal factors constitutes a 
form of "bottom-up" self-organization. These mutual influences mean 
that facial actions index interrelationships between relevant constituents. 
In Dynamic System's terms, facial action is a collective variable. It is a 
key to ongoing changes in the system that it helps to constitute.
A  dynam ic  sys tem s approach to tw o  types o f  smiles
The theme of this chapter is that organization emerges from the mutual 
influence of the constituents of a system. First we describe how our ob­
servations of infants led us to conceptualize different kinds of smiles as 
co-occurrences of independent facial actions. Next w e discuss different 
types of mutual influence at work in the formation of these two types 
of smiling. We also review patterns of neural activity that interface with 
interactive patterns to support the development of these two types of 
smiling. We argue that top-down mechanisms alone are inadequate to 
coordinate these smiles. A more macroscopic perspective characterizes 
the final section that illustrates an application of a systems axiom: Com­
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plex configurations of facial action have properties different from the 
properties of their constituents. The conclusion explores the role of a 
Dynamic Systems perspective in integrating other approaches to facial 
action and emotion.
How did the Dynamic Systems Approach emerge in our own work? 
As students of infant emotional development, we were influenced by 
theoretical perspectives that argued for the importance of infant emotion 
as an organizer and motivator of infant behavior and development (Tom­
kins, 1962). As observers of social interaction, we watched many face-to- 
face interactions in which a parent (often the mother) played with a 
young infant (generally below 6 months of age). To our surprise, many 
of the infant facial actions that occurred during these sequences did not 
seem to be described -  much less explained -  by dominant theoretical 
perspectives. Infant facial expressions were often fleeting. They some­
times occurred on only one side of the infant's face or were stronger on 
one side than the other. Smiles sometimes seemed to emerge from and 
contain elements of grimaces that did not appear to be positive at all. 
Changes in infant facial action were fast-paced. Infant smiles and other 
actions would come during a sequence of parental entreaties and seem  
to change in response to equally swift reactions on mother's part. It was 
out of this fast-paced interactional matrix that more stable, recognizable 
expressions seemed to develop. H ow could w e generate data that would  
reflect these observations?
The Facial Action Coding System (FACS) (Ekman & Friesen, 1978; Frie- 
sen & Ekman, 1992) provided an important strategy for understanding 
and then objectively measuring (via an application of FACS to infants) 
[Oster & Rosenstein, in press]) these observations (see Wagner, chapter 
2, this volume). Other coding systems identify facial action as discrete 
emotions or blends of discrete emotions (e.g., AFFEX [Izard, Dougherty,
& Hembree, 1983a]). That is, one codes "enjoyment" directly from an 
infant's facial action. FACS, on the other hand, identifies anatomically 
based action units that are the functional constituents of facial displays. 
One codes the action of the zygomatic major as it pulls the corners of 
the lips upward and to the side of the face to create a smile. Such a 
strategy allows one to analyze facial configurations or displays into their 
constituent actions.
We became interested in the different types of smiling created by the 
combination of lip corner raising with other facial actions. In the Du- 
chenne smile (see Figure 9.1), the lip corners are raised; the contraction 
of the orbicularis oculi raises the cheeks and, in adults, typically crinkles
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Figure 9.1. Lip corner raising due to zygomatic major contraction co-occurs 
with orbicularis oculi contraction raising the cheeks to form the Duchenne 
smile.
the eye comers (Ekman & Friesen, 1978). In the sections that follow, we 
critically review an emerging body of research indicating that when com­
pared to smiles without orbicularis oculi contraction, Duchenne smiles 
occur in infants during positive interactive events and are associated 
with self-reported pleasure in adults (Ekman, Davidson, & Friesen, 1990; 
Fox & Davidson, 1988; Messinger, 1994).
In play smiles, the lip corners are raised and the jaw is dropped, open­
ing the mouth (see Figure 9.2). Play smiles often occur during interaction 
that involves physical contact (Dickson, 1994; Messinger, 1994) or games 
(Dedo, 1991). In this chapter, we critically review research suggesting 
that play smiles emerge from games involving physical contact and tend 
to occur during boisterous, affiliative play (Dedo, 1991; Dickson, 1994; 
van Hooff, 1972; Messinger, 1994; Plooij, 1979).
From a Dynamic Systems perspective, we began to think of Duchenne 
and play smiles as constituted by the co-occurrence of potentially inde­
pendent facial actions (Messinger, 1994). The co-occurrence of lip corner 
raising and cheek raising constitutes Duchenne smiling. The co­
occurrence of lip corner raising and mouth opening constitutes play smil­
ing. When these smiles are analyzed into their separate actions, several
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Figure 9.2. Lip comer raising due to zygomatic major contraction co-occurs 
with a lowered jaw to create a play smile.
questions emerge. Do the co-occurrences that create Duchenne and play 
smiles occur at greater than chance levels? Do these co-occurrences be­
come more or less probable as infants grow older? Are these smiles more 
likely to come together during some interactive conditions than during 
others? To answer such questions, we could not measure the amount of 
Duchenne and play smiling as whole entities. Instead, we separately 
coded the three facial constituents -  lip corner raiser, cheek raiser, and 
mouth opening -  that co-occurred to form these smiles.1
To understand the relationship of Duchenne and play smiles to other 
co-occurring elements of the interaction, we separately coded (1) the po­
sition in which the infant was being held, (2) where the infant was gaz­
ing, and (3) whether the mother was smiling. Our data base consisted of 
observational data on a sample of a dozen middle-class mothers playing 
with their infants on their laps (Messinger, 1994). Because we were in­
terested in the process of developmental change, mothers and infants 
were videotaped playing together weekly  when infants were between 1 
month and 6 months of age.
Our primary analysis strategies focused on finding which facial actions 
and social actions co-occurred for the group as a whole and how those 
patterns changed with age (Messinger, 1994). This was done with data-
driven (hierarchical) iogiinear analyses in which only terms that had Z 
scores significant at the .01 level for analyses by both duration and fre­
quency were interpreted. We are currently replicating and expanding the 
results reported in different samples and in analyses that examine each 
mother-infant dyad individually (Messinger, 1995; Messinger, Fogel, & 
Dickson, in preparation).
Self-organization and  m utual influence
From a Dynamic Systems perspective, facial actions are elements of self­
organizing processes in which the mutual influence of relevant constit­
uents creates a coherent pattern. In this section, we consider different 
self-organizing processes in the formation and development of the Duch- 
enne and the play smile. In the following section, we describe what is 
known about the neural anatomy involved in the formation and devel­
opment of these facial displays.
Duchenne sm il ing
Fridlund (1994) suggests that there is no intrinsic affinity between zy­
gomatic and orbicularis oculi contraction. In contrast, w e argue that there 
is a synergistic relationship between the action of the zygomatic major, 
which produces lip corner raising, and the action of that part of orbi­
cularis oculi (the large orbital portion including pars lateralis) that raises 
the cheeks. Before 6 months of age, we found that orbicularis oculi con­
traction was almost 12 times more likely in the presence than in the 
absence of lip corner raising (Messinger, 1994). The original FACS man­
ual (Ekman & Friesen, 1978) indicated that intense contraction of the 
zygomatic major necessarily involved contraction of orbicularis oculi be­
cause intense smiling is almost invariably associated with orbicularis 
oculi contraction. Although actions of the two muscles are potentially 
independent (Friesen & Ekman, 1992), intense contraction of the zygo­
matic major without orbicularis oculi contraction looks forced and arti­
ficial (cf. Blurton-Jones, 1972). Weak contraction of the zygomatic major, 
on the other hand, is rarely associated with orbicularis oculi contraction 
and, when it is, may give the impression of wincing (cf. Ekman & Frie­
sen, 1978, exemplar photographs).
H ow do we account for these patterns? The first potential type of in­
fluence involved in the formation of the Duchenne smile is anatomical. 
As the zygomatic major lifts the corners of the mouth, it raises the cheek,
210 D. S. Messinger, A. Vogel, & K. L. Dickson
Infant facial dynamics 2 1 1
functioning synergistically with (performing some of the same function 
as) the orbital portion of orbicularis oculi. The decreased  downward pull 
on the orbital portion of orbicularis oculi (caused by the raising of the 
cheek by the zygomatic) may encourage increases in the resting tonus of 
orbicularis oculi, resulting in noticeable contraction. In addition, zygo­
matic contraction raises portions of the cheek over and adjacent to the 
orbital portion of orbicularis oculi surrounding the eye (Williams, War­
wick, Dyson, & Bannister, 1989). The sensation of malar tissue (the cheek) 
rising next to and over the orbital portion of orbicularis oculi may also 
increase the probability of orbicularis oculi contracting.2
The presence of such anatomically based processes suggests several hy­
potheses. In general, the stronger the intensity of zygomatic contraction, 
the more likely should be orbicularis oculi contraction. In addition, zygo­
matic contraction should typically precede, perhaps be coincident with, 
but not follow, orbicularis oculi contraction. The influence of zygomatic 
major contraction on the probability of orbicularis oculi contraction would  
be seen most prototypically when zygomatic contraction slowly increases 
in intensity and is accompanied by the coordinated contraction of orbicu­
laris oculi. However, this train of events may typically occur quickly, mak­
ing relatively precise electromyographic or video observation techniques 
necessary to determine which muscle contracted first.
The physical effects of zygomatic contraction on orbicularis oculi con­
traction are one source of the coordination evident in Duchenne smiling. 
Another source involves the motor neurons in the seventh cranial nerve, 
the facial nerve, which travel from the facial nucleus in the brain stem 
and form five branches that innervate the face. Orbicularis oculi typically 
receives inputs from the temporal and zygomatic branches of this nerve, 
and the zygomatic major typically receives inputs from the upper portion 
of the buccal branch (Williams et al., 1989). There is, however, a consid­
erable degree of interconnection between all these branches through a 
network referred to as the parotid  plexus (Rinn, 1984). In an anatomical 
study of 100 faces, McCormack, Cauldwell, and Anson (1945) found that 
in 87 cases there were intersections between the buccal and zygomatic 
branches of the facial nerve after their initial division. The functions of 
these connections are unclear. However, they are a potential source of 
the coordination of the contraction of the zygomatic major and orbicu­
laris oculi that leads to Duchenne smiling.
A coordinative structure is a functional linkage of potentia lly  indepen­
dent muscular actions into a basic motor unit (Thelen, 1995; Thelen & 
Smith, 1994; Turvey, 1990). Coordinative structures form out of the mu­
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tual influence of joints and muscles as they change rates of movement 
in a gravitational environment. These movements occur in coordination 
with patterns of neural innervation, but there is no one-to-one corre­
spondence between the firing of effector neurons and a particular move­
ment. The presence of both muscle linkages and overlapping patterns of 
neural innervation suggest that zygomatic and orbicularis oculi contrac­
tion typically function as a coordinative structure. It would be a mistake, 
however, to attempt to reduce the coordination of Duchenne smiling to 
a neuromuscular pattern. The presence of neural and muscular procliv­
ities for co-action does not exhaust the possible explanations of the co­
occurrence of zygomatic and orbicularis oculi contraction. Moreover, like 
the elements of other coordinative structures, zygomatic and orbicularis 
oculi contraction also occur independently. Links between the compo­
nent actions of coordinative structures -  such as the leg movements in­
volved in taking steps (Thelen & Ulrich, 1991) -  typically occur under 
particular environmental conditions.
Is Duchenne smiling likely in particular social contexts? The issue is 
theoretically important because Fridlund (1994) argues that the Duch­
enne smile is caused by zygomatic and orbicularis oculi contraction each 
being independently  associated with particular environmental conditions. 
In our data, there were indeed significant individual associations be­
tween gazing at mother and zygomatic contraction on the one hand and 
orbicularis oculi contraction on the other (Messinger, 1994). However, in 
addition to these associations, there was a strong tendency for these fa­
cial actions to be co-occurring  during mother smiling (Z= 8.33). This sug­
gests that the Duchenne smile is an emergent configuration with 
properties above and beyond the properties of its constituents (see the 
later section, "Wholes and Parts").
What are the temporal characteristics of interactions involving Duch­
enne smiling? Preliminary results of research in progress suggest that 
half of infant Duchenne smiling at 3 months was accompanied by ma­
ternal Duchenne smiling (Messinger, 1995). Mothers tended to match in­
fant Duchenne smiles with Duchenne smiles of their own. It is likely that 
infants become aware of this pattern and that at some point they also 
begin to match their mothers' Duchenne smiles. Fox and Davidson (1988) 
found that 10-month-old infants Duchenne smiled when their mothers 
smiled and approached the infant.
The meaning of infant Duchenne smiles cannot be known with cer­
tainty. Ekman et al. (1990) found that adults did more Duchenne smiling 
than non-Duchenne smiling in response to pleasant stimuli such as films
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of animals playing. In addition, the duration of Duchenne smiling was 
significantly associated w ith self-reported am usem ent, happiness, excite­
ment, and interest (Ekman et al., 1990). A dult Duchenne smiling m ay 
arise from the adult's perception of puppies and  gorillas enjoying them ­
selves during play and  their engagem ent w ith that perceived enjoyment. 
This process m ay begin w ith infants detecting contingencies w hen their 
Duchenne smiles are m atched by  their m others' D uchenne smiles. 
Through such a process, Duchenne smiling m ay become tied to the vi­
sual perception of positive experience in  one's interactive partner (the 
smiling mother) or one's im aginative partner (the film clip of the playful 
puppy, cf. Fridlund, 1994). This process is prototypically m utual, involv­
ing the sim ultaneous visual perception and com m unication of positive 
engagement.
This hypothesis underscores the idea that facial configurations are si­
m ultaneously experiential and social. It is not compatible w ith rigidly 
distinguishing Duchenne smiles as expressions of pleasure from non- 
Duchenne smiles as social signals (Fridlund, 1994). Such rigid dis­
tinctions are also not compatible w ith the empirical literature, which 
typically indicates probabilistic rather than determ inistic associations be­
tw een facial muscles, interactive processes, feeling states, and neurophy- 
siological processes. More pointedly, a full account of the significance of 
Duchenne and non-Duchenne smiles m ust account for the fact that by 
contracting and relaxing the orbicularis oculi, infants move sm oothly 
betw een these configurations. In our data, approxim ately one-half of 
Duchenne smiles were im m ediately preceded by non-Duchenne smiles, 
and approxim ately one-quarter of non-Duchenne smiles were im m edi­
ately preceded by  D uchenne smiles (Messinger, 1994; M essinger et al., 
in preparation). Additional research is clearly needed to determ ine w hat 
types of changes are associated w ith transitions betw een these facial con­
figurations.
The development of Duchenne smiling. Despite provisions for social 
learning, Differential Emotion perspectives often indicate that the devel­
opm ent of early emotion expressions is a m aturationally controlled phe­
nom enon (e.g., Izard & M alatesta, 1987). If this is the case, one m ight 
expect Duchenne smiles -  at least insofar as they are a prototypical index 
of enjoyment (Ekman, 1994) -  to emerge fully formed. That is, relevant 
neural circuitry w ould emerge at a certain point and coordinate a rela­
tively m ature form of the expression.
D ata relevant to the developm ent of D uchenne smiling are scarce and
somewhat contradictory. Although Oster and Rosenstein (in press) have 
photographed Duchenne smiles in premature neonates, Duchenne smil­
ing in full-term neonates is rare (Emde & Koenig, 1969). Wolff (1987) 
first observed the configuration in full-term infants at 3 weeks. Our hy­
pothesis is that in full-term infants, zygomatic major contraction in the 
form of early smiling coexists with early orbicularis oculi contraction 
(during crying) without co-occurring. In response to unknown changes, 
these actions begin to come together as Duchenne smiling around the 
first month and with increasing strength through the first 6 months. Our 
data indicate that, comparing the period from 1 to 3 months to the period 
from 3 to 6 months, the proportion of time spent in Duchenne smiling 
increased from 6.4% to 10.5% (Messinger, 1994). Expressed differently, 
the strength of the association between zygomatic and orbicularis oculi 
contraction increased by almost three times. From a dynamic perspective, 
developmental changes are characterized by increases and decreases in 
the stability of certain system configurations. These data suggest that 
Duchenne smiling forms out of the co-occurrence of independent mus­
cular actions that form an increasingly stable configuration in the first 
half-year of life.
P lay  sm il ing
Just as there are strong associations between the facial actions that con­
stitute Duchenne smiling, there are strong associations between the facial 
actions that constitute play smiling. We found that infant mouth opening 
was about four times more likely during infant zygomatic contraction 
(smiling) than during its absence (Messinger, 1994). Unlike Duchenne 
smiling, however, there is not likely to be an anatomical explanation for 
the coordination evident in play smiling. The zygomatic major and the 
muscles responsible for opening the mouth (e.g., the lateral pterygoid, 
digrastic) have somewhat antagonistic functions (Williams et al., 1989). 
In addition, many of the muscles responsible for opening the mouth 
receive input from the trigeminal as opposed to the facial nerve (which 
innervates the zygomatic), making intranerve activity a less likely source 
of coordination. Instead, other concurrent actions of the infant and the 
infant's partner may be primarily necessary for the association of lip 
corner raising and mouth opening.
Our data-driven analyses suggested parallels between the independent 
occurrences of lip corner raising and mouth opening. Infant lip corner 
raising (smiling) and mouth opening occurred in similar interactive cir­
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cumstances at similar ages (Messinger, 1994). Like lip corner raising, 
mouth opening was more likely after 3 months. Like lip corner raising 
(smiling), mouth opening was more likely while mother was smiling. 
These results replicate earlier findings of Kaye and Fogel, 1980. In ad­
dition, like lip corner raising, mouth opening tended to occur while in­
fants were gazing at mother, particularly when infants were being held 
by mothers in more supported supine or cradled positions (Messinger, 
1994).
What is the meaning of these parallel associations? An important index 
of the meaning of infant facial actions is how those actions are associated 
with ongoing interactive processes. As infant mouth opening and lip 
corner raising occur in conjunction with some of the same social actions, 
they may have similar functions in face-to-face interaction. Perhaps 
mouth opening communicates positive engagement in young infants. 
This challenges the view that culturally recognized "emotional expres­
sions" have a special status as indices of infant affective engagement. 
That is, smiles may not be unique expressions of positive affect in young 
infants (Ekman, 1994; Izard et al., 1983b). Similarities between lip corner 
raising and mouth opening caution against a priori judgments of the 
emotionality of a given facial action. Open-minded descriptive research 
is needed to understand how different facial actions are associated with 
different interactive contexts.
Perhaps the most important aspect of the parallel associations de­
scribed was a developmental increase of the likelihood of these facial 
actions coming together as a play smile in particular interactive contexts. 
Between 3 and 6 months of age, the likelihood of lip corner raising being 
associated (co-occurring) with jaw dropping increased in two interactive 
contexts: (1) when infants were being held in lying or reclining positions 
by mother, and (2) when infants were gazing at mother (Messinger, 
1994). That is, relatively intense tactile and visual interchange with a 
partner became developmentally more strongly associated with the co­
ordination of play smiling. In a separate sample of 12-month-olds, Dick­
son (1994) found that open-mouthed smiles predominated during play 
that involved physical contact with the infant's parent. Among nonhu­
man primates, van Hooff (1972) has reported that open-mouth displays 
similar in function to human play smiles were associated with social play 
and mock fighting.
H ow do play smiles form during interaction? Dickson (1994) hypoth­
esized that infants who are already smiling may open their mouths (cre­
ating play smiles) immediately after physical contact with a partner.
Infant facial dynamics 215
216 D. S. Messinger, A. Fogel, & K. L. Dickson
A m ong infant chimpanzees, this reaction m ay have its roots in m outh 
opening as a response to perioral contact (Plooij, 1979). W ith experience, 
hum an infants m ay open their m ouths in response not only to actual but 
to im m inent physical contact. This w ould include infants preparing to 
suck on an object or on m other's hands; it w ould  also include infants 
responding to an  im m inent hug  or snuggle by dropping their jaws as if 
to m outh  some part of the partner's  body. If this m outh opening occurs 
w hen infants are already sm iling or about to smile, a play smile w ould 
form. Fox and  D avidson (1988) have hypothesized that Duchenne smiles 
are differentially associated w ith a m otivation to approach. If physical 
contact plays a role in the form ation of play smiles, it w ould also suggest 
investigating indices of approach m otivation associated w ith open­
m outhed (play) smiles.
The development of play smiling. H ow  do play smiles develop? This 
section introduces Edelm an's (1987) concept of neural reentry as part of 
an explanation of how  the co-occurrence of different facial actions be­
comes a favored pattern  of neural and m otor activity. Reentry is a p ro­
cess in which neural inform ation w ithin and between motoric and 
sensory activities is integrated. How, for example, is neural inform ation 
from visual and auditory sources integrated into the perception of a sin­
gle stimulus? H ow  is a unitary perception of smiling constructed from 
neural activity accom panying the contraction of the zygomatic major and 
from neural activity accom panying the afferent sensation of the lip cor­
ners rising? One clue is that efferent neural activity accom panying con­
traction of the zygom atic major is tem porally synchronized w ith afferent 
neural activity stem m ing from  the upw ard  m ovem ent of the lip corners. 
A reentrant structure is a group of neurons that interface w ith tw o or 
m ore such sources of tem porally linked information. Edelm an (1987) 
suggests that neurogenesis is a dynam ic process involving selection for 
populations of neurons that interface w ith  tw o or more sources of co­
ordinated neural activity. The presence of tem porally coordinated but 
separate sources of neural activity strengthens the likelihood of a reen­
trant structure linking these sources. Through their reciprocal connec­
tions, populations of neurons that interface betw een simultaneously 
activated muscle groups in turn  support the sources of neural activation 
w ith which they synapse.
Consider the coordination of different facial actions such as those in­
volved in play (open-mouth) smiling. Gazing at m other is associated 
w ith both infant zygom atic contraction and m outh  opening. Hence, gaz­
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ing at m other will tend to be associated w ith co-occurring lip corner 
raising and m outh opening (i.e., play smiling). This will lead to neural 
change. There will be selection for reentrant structures that synaptically 
interface w ith the sources of neural efference associated w ith the p ro­
duction of zygom atic contraction and w ith m outh opening. There will 
be selection for neural connections associated w ith the perception  of the 
area around the lip corners being raised by lip corner contraction and 
sim ultaneously pulled dow nw ard as the jaw  opens. Patterns of neural 
activity associated w ith both production and  perception will be inte­
grated into the higher-level perception of play smiling.
How m ight coordinated facial action become a favored pattern? There 
w ould be a strengthening and selection for the activity of neural po p u ­
lations (reentrant structures) that synaptically link these two sources of 
synchronous neuronal firing. Reentrant structures have reciprocal influ­
ences on the neural activity associated w ith the perform ance of particular 
facial actions. They not only respond to synchronous neural activity bu t 
m ake the activity associated w ith synchronous patterns of m ovem ent 
m ore likely. We postulate that such interfacing neural groups will make 
the perform ance and perception of either zygomatic major contraction 
or m outh opening m ore likely to be linked to the perform ance and per­
ception of the other action.
This scenario fits the data. Initially, p lay smiling should be dependent 
on the confluence of environm ental events associated w ith  each of its 
m uscular constituents. Over the first 6 m onths of life, zygom atic con­
traction was associated w ith gazing at mother. In an independent asso­
ciation, m outh opening was also associated w ith gazing at m other 
(Messinger, 1994). Given a history of neural selection through activation 
of interfacing reentrant structures, the likelihood of the constituents of 
play smiling co-occurring should increase. This effect w ould  be partic­
ularly clear in the interactive context w ith w hich each constituent of play 
smiling was associated. In fact, after 3 m onths of age, zygom atic con­
traction and m outh  opening became more likely to co-occur as play smil­
ing while infants were gazing at m other (Messinger, 1994).
The possibility that the em erging developm ental coordination m ani­
fested in play sm iling is structured by environm ental events is attractive 
because there is no obvious neural or anatomical basis for the association 
of the constituents of play smiling. However, neural reentry is a generic 
process, an element in a more general theory of neurogenesis, that m ay 
support m any types of coordinated action (see Thelen & Smith, 1994). In 
the case of the Duchenne smile, we have argued that m uscular processes,
the structure of the branches of the facial nerve, as well as joint positive 
visual engagem ent link the contraction of the zygomatic and  orbicularis 
oculi. This w ould provide a prim ary basis for co-occurrence that w ould 
be further strengthened by reentry processes.
A ltern a te  (to p -d o w n ) explanations o f facial coordination
The developm ent of FACS (Ekman & Friesen, 1978) w as accom panied 
by  interest in the diversity of facial actions associated w ith zygomatic 
contraction (Oster, 1978). In order to resolve inconsistencies in the liter­
ature, however, empirical and theoretical attention turned  first to distin­
guishing true from  false smiles (Ekman & Friesen, 1982). For Ekman and 
his colleagues, zygomatic major contraction m ust be accom panied by 
orbicularis oculi contraction to index enjoyment (Ekman, 1994; Ekman et 
al., 1990; Ekman & Friesen, 1982). For Izard and his colleagues, the con­
traction of the zygom atic major alone is sufficient to index enjoyment 
(Izard, 1983; Izard et. al, 1983a). Both researchers seek to identify that 
smile w hich is an unam biguous signal of positive emotion. M outh open­
ing and other facial actions such as nose w rinkling are ignored (Dedo,
1991). Diversity in  the form of sm iling is not typically a focus of theo­
retical interest.
Given this overall perspective, how  m ight a Differential Emotions ap­
proach account for the coordination evident in D uchenne smiling or 
other configurations of facial actions? Differential Emotions approaches 
have m ade use of the concept of sensory feedback from the face to the 
brain  in the experience of emotion (Izard, 1981; Izard & M alatesta, 1987). 
Recent portrayals have steered clear of unidirectional causal accounts 
(Ekman, 1994) and  em phasized nonlinear, systemic relations between 
emotion constituents (Izard, chapter 3, this volume; M alatesta, Culver, 
Tesman, & Shepard, 1989). However, a dom inant perspective has been 
that unique patterns of neural activity produce distinctive and prototyp­
ical patterns of facial action in a relatively unidirectional fashion (cf. 
Panksepp, 1994). Izard and  M alatesta (1987), for example, em phasize that 
genetically based neural processes lead to a specific facial expression.
Before examining difficulties w ith a unidirectional em phasis on facial 
action, it is helpful to review w hat is know n about the neuroanatom y of 
such processes. The im m ediate source of innervation of the facial muscles 
is the m otor nucleus of the facial nerve at the level of the pons in the 
brain stem (see Rinn, 1984, for a review). The facial nucleus receives 
inputs from tw o relatively distinct pathw ays. N eural activity from the
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cortical m otor strip makes its way to the facial nucleus through the py­
ram idal system. This activity is thought to be associated w ith volitional 
facial actions. The second pathw ay stems from the extrapyram idal sys­
tem involving subcortical as well as cortical structures including the 
basal ganglia and am ygdala. N eural activity in these structures is 
thought to be involved in m ore spontaneous emotional displays. Al­
though this distinction m ay not be absolute, it is the generally recognized 
neurological basis for several types of facial paralysis that affect one but 
not the other system  (Rinn, 1984).
W hy not conceive of central nervous system activity as a centrally or­
ganized plan that unidirectionally coordinates all facial action? One 
problem  is the recognized diversity of neural processes -  w ith cortical 
and subcortical points of origin -  that are involved in the organization 
of facial activity. To the extent that top-dow n, relatively spontaneous, 
neural organizers of facial action exist (as in Differential Emotions ap­
proaches), they are one of a plurality of neural processes. D uring social 
interaction, more and  less "volitional" neural processes m ay become dy­
namically related in the coordination of facial actions.
A m ore pervasive problem  for the hypothesis of central organization 
is complexity. This discussion has focused on only three facial actions -  
lip corner raising, cheek raising, and m outh opening -  w hose presence 
or absence gives rise to eight (23) possible facial configurations. In fact, 
there are dozens of distinct facial actions and virtually no limit to the 
num ber of facial actions that can occur sim ultaneously (Ekman & Frie­
sen, 1978). This potentially enorm ous set of combinations of facial actions 
to be coordinated is itself a sim plification  of how  the face actually moves. 
In reality, facial actions are not sim ply present or not present. The degree 
of contraction of facial muscles is a continuous, not a categorical, varia­
ble.
In general, top -dow n  solutions that hypothesize a central processor 
responsible for organizing the peripheral components sim ply displace 
the problem  of complexity to the neurological system. This solution is „ 
workable if one attem pts to explain only facial action patterns that have 
been defined a priori as prototypical expressions of discrete emotions. 
Researchers w ho confront the descriptive data m ust ask, for example, if 
there are separate neural program s for lip corner raising alone, for play 
smiles, Duchenne smiles, and combination D uchenne-play smiles. W hen 
one considers all possible combinations of all possible facial actions at 
all possible levels of contraction, the explanatory potential of preset neu­
ral program s falters.
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Wholes and parts: Emergent properties
This section explores how  the m utual influence of system constituents 
gives rise to patterns that are qualitatively different than the properties 
of their individual constituents. The contention here is that the coordi­
nation of facial actions creates em ergent properties -  social impacts, pat­
terns of neural activity, and, potentially, feeling states -  not present in 
the individual actions. The role of orbicularis oculi in raising the cheeks 
in a variety of facial configurations is offered as an illustration. For the 
sake of this argum ent, we accept Differential Emotions and approach- 
avoidance perspectives on the m eaning of these facial configurations.
Fox and D avidson (1988) coded facial configurations identified as joy 
and anger by  Izard 's (1983) MAX in 10-month-old infants. They also 
coded the presence of orbicularis oculi contraction during  smiles (joy 
expressions) and noted w hether infants were crying during anger ex­
pressions. The onset of crying during these MAX-identified anger ex­
pressions was accom panied by the onset of orbicularis oculi contraction 
or by  its extreme intensification.3 Fox and D avidson (1988) also recorded 
frontal cerebral electrical activity during these facial actions.
The contraction of orbicularis oculi transform s a non-Duchenne into a 
Duchenne smile. In contrast with non-Duchenne smiles, Duchenne 
smiles are associated w ith self-reports of pleasurable emotions in adults 
and  situations thought to involve enjoyment in infants (Ekman et al., 
1990; Fox & Davidson, 1988). Fox and D avidson (1988) found that smiles 
w ith  orbicularis oculi contraction (Duchenne smiles) were associated 
w ith  greater relative left frontal activity than were smiles w ithout. They 
interpreted this to indicate greater approach m otivation during smiles 
w ith  orbicularis oculi contraction (Fox, 1991; Fox & Davidson, 1984).
Next consider a description of w hat Differential Emotions perspectives 
have considered a prototypical anger expression. The brow  is lowered, 
the upper lip is lifted to reveal the teeth, the corners of the m outh are 
d raw n to the side, and the m outh is opened (Izard, 1983; Izard et al., 
1983a). If orbicularis oculi now  contracts, raising the cheeks and closing 
the eyes, this becomes a discom fort-pain (Izard, 1983; Izard et al., 1983a) 
or distress-cry (Camras, Oster, Campos, Miyake, & Bradshaw, 1992) con­
figuration. The contraction of orbicularis oculi increases the negative sig­
nal value of anger configurations, transform ing them  into distress 
configurations. Fox and Davidson (1988) found that "anger" expressions 
w ith  strong orbicularis oculi contraction (as indexed by  crying) were 
associated w ith greater relative right frontal activity than the same anger
expressions w ithout orbicularis oculi (as indexed by  the absence of cry­
ing). They interpret the presence of orbicularis oculi contraction during 
anger expressions as an indication of greater w ithdraw al orientation.
Orbicularis oculi contraction by itself has no recognized affective 
meaning, although Fridlund (1994) posits that it is an occluding response 
to strong stimuli. One m ight argue about the particular emotional m ean­
ing and m otivational valences associated w ith the facial configurations 
discussed here. The point is that orbicularis oculi contraction is associ­
ated w ith contrasting patterns, depending on the other facial actions w ith 
which it occurs. Specifically, orbicularis oculi contraction m ay in tensify  
the signal value, neurophysiological activity, and  possibly affective sig­
nificance associated w ith particular facial configurations. It m ay make 
positive expressions more positive and m ake negative expressions more 
negative.
To generalize, the m eaning of facial configurations cannot be deduced 
by adding up  the presum ed valences or signal values of their com po­
nents. The co-occurrence of facial actions reflects the m utual influence of 
muscular, neural, and interactive constituents. O ut of the m utual influ­
ences involved in these configurations, n ew  properties emerge. It is the task 
of future research to continue specifying the processes through which 
novel phenom ena emerge from the coordination of facial actions in a 
neural and interactive milieu.
Conclusion: A metatheoretical framework?
To answ er the questions posed at the beginning of the chapter, infant 
smiles and other facial actions are at once m uscular contractions, social 
signals, and constituents of felt processes. Their m eaning depends on 
interactive context, on the specific facial actions involved, and  on how 
these constituents influence changes in each other over time. A facial 
action is a dynam ic pattern whose m eaning emerges out of the m utual 
influence of involved constituents.
In this conclusion, we attem pt to dem onstrate that acknow ledging the 
m utual influences involved in the creation of emotional patterns exposes 
some debated dichotomies as m ore apparent than real. W hat, for ex­
ample, is the association betw een facial action and feeling? Fridlund 
(1991, and chapter 5, this volume) argues that prototypical discrete em o­
tion configurations function to alert or deceive a social partner as to one's 
social goals b u t do not necessarily reflect emotional states. Izard (chapter 
3, this volume) argues, however, for a probabilistic association of infant
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facial actions and feelings. O ur position is a synthesis. We regard infant 
facial actions not as unm ediated expressions of emotions bu t as potential 
constituents of emotional processes. Infant facial actions come to function 
as social displays bu t are not reducible to social displays.
W hat is m eant by feeling in Izard 's account? The Differential Emotions 
position (see Izard, chapter 3, this volume; Izard & M alatesta, 1987) pos­
tulates a set of discrete feeling states. The complexity of emotional ex­
perience is thought to stem from links between these feelings and 
particular cognitions and perceptions. A lthough the distinction between 
abstractly defined feeling states and the rest of experience has a heuristic 
function, it contradicts fundam ental systems principles. The m utual in­
fluence betw een an emotional feeling and a particular cognition or per­
ception creates a unique gestalt. Pleasure in Duchenne smiling, the 
feeling of m utual positive involvem ent w ith a partner, and the sensation 
of tightened cheeks, all are inextricably combined. Each constituent trans­
forms the experience of the other. The infant's experience of his or her 
em bodied facial actions and his or her sensory experience of the partner 
are im portant constituents of the infant's emotional feeling (Fogel, 1993).
Broadening our conception of emotional experience has a theoretical 
advantage in accounting for the developm ent of positive affect. Vygotsky 
(1978) has proposed that conventional com m unication develops because 
infants' gestures are treated as though they w ere intentional by the in­
fants' social partners. A similar process m ay occur in the developm ent 
of smiling. Face-to-face interaction is a social frame in which infants ex­
perience the influence of their facial actions on a partner. M others treat 
early infant zygom atic contraction as indices of pleasure. They smile 
back, comment, and  try  to elicit more smiles. Some of the feelings as­
sociated w ith  zygomatic contraction such as an experience of engage­
m ent and  m utuality  m ay stem from such experiences. Part of the 
phenom enological experience of zygomatic contraction m ay develop 
from experiences of smiling while engaged w ith a smiling partner.
It is tem pting to argue that infants' feelings are an  internal reaction, a 
subjective sum m ary of the m eaning of an infant's actions in  an  interac­
tive process. The difficulty w ith this position is that infant feeling ulti­
m ately becomes epiphenom enal. Subjective feeling m ay be a reflection 
of an ongoing process, b u t it is also a part of that process. Clearly, feeling 
states are on a different level of analysis than, say, cerebral activation. 
But constituents at different levels of analysis are rarely reducible to one 
another (Oyama, 1985). Like any other constituent of a process, infant 
feeling influences and is influenced by other constituents such as the
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infant's facial actions, his or her propensity to react to the social partner, 
and his or her state of sym pathetic nervous system activation.
A recent debate concerns the tem poral relationship of feeling to action. 
Izard (chapter 3, this volume) argues that emotional feelings are prior 
m otivators of action. Campos et al. (1994) argue that em otional experi­
ence occurs just as a positive event is perceived. From a Dynamic Sys­
tems perspective, it seems unlikely that either possibility is exclusive. 
Positive feelings m ay motivate social actions such as gazing at a partner 
just as positive feelings m ay arise in the act of gazing at the partner. The 
principle here is that unidirectional cause-effect relationships betw een 
system constituents are unlikely. M utual influence betw een infant facial 
and other actions, subjective feeling, and  the response of a partner over 
the actual time span of an emotional interaction is likely to be a more 
productive assum ption.
In this chapter, we have indicated how Dynamic Systems principles 
em phasizing the self-organization of complex systems can inform  our 
understanding of facial action. We have identified how  the m utual influ­
ence of neurom uscular, anatomical, neural, interactive, and affective p ro ­
cesses can yield coordinated facial action. Finally, w e applied the concept 
of m utual influence to problematics in emotion theory to achieve a more 
appropriately balanced understanding of these dynam ic phenom ena.
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Notes
1 These three constituents -  lip comer raising, cheek raising, and jaw dropping
-  can all co-occur as a combined Duchenne-play smile. See Messinger (1994) 
for a discussion of this salient display..
2 These sensations may occur in the skin and connective tissue above the orbital 
portion of orbicularis oculi. There is much controversy as to whether the facial 
muscles themselves have sensory neurons that provide information on their 
movement and contraction (for reviews, see Elliot, 1969; Rinn, 1984).
3 In MAX (Izard, 1983), several configurations of facial actions lead to anger
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codes but do not involve cheek raising. In the anger configurations that do 
involve cheek raising, it is described as "incidental" to a drawn brow and 
squarish mouth (Izard, 1983, p. 33).
References
Barrett, K. C. (1993). The development of nonverbal communication of emotion: 
A functionalist perspective. Journal o f  Nonverbal Behavior, 17(3), 145-169.
Blurton-Iones, N. G. (1972). Non-verbal communication in children. In R. A. 
Hinde (Ed.), Nonverbal communication. Cambridge, MA: Cambridge Univer­
sity Press.
Campos, J. J., Mumme, D. L., Kermoian, R., & Campos, R. G. (1994). A function­
alist perspective on the nature of emotion. In N. A. Fox (Ed.), The development 
of emotion regulation: Biological and behavioral considerations. Monographs of the 
Society for Research in Child Development, 240, 59(2-3).
Camras, L. A. (1992). Expressive development and basic emotions. Cognition and 
Emotion, 6(3/4), 269-283.
Camras, L. A., Oster, H., Campos, J. J., Miyake, K., & Bradshaw, D. (1992). Jap­
anese and American infants' responses to arm restraint. Developmental Psy­
chology, 28(4), 578-583.
Dedo, J. Y. (1991). Smiling during later infancy: Relationships among facial expressions, 
contexts, and other communicative behaviors. Unpublished doctoral dissertation, 
Purdue University, IN.
Dickson, K. L. (1994). The parent-infant communication system: Infant smiles in re­
lation to play type and gaze direction. Unpublished doctoral dissertation, Uni­
versity of Utah.
Edelman, G. M. (1987). Neural Darwinism. New York: Basic Books.
Ekman, P. (1994). All emotions are basic. In P. Ekman & R. J. Davidson (Eds.), 
The nature of emotion: Fundamental questions (pp. 15-19). New York: Oxford 
University Press.
Ekman, P., Davidson, R. J., & Friesen, W. (1990). The Duchenne smile: Emotional 
expression and brain physiology II. Journal of Personality and Social Psychol­
ogy, 58, 342-353.
Ekman, P., & Friesen, W. (1978). The facial action coding system. Palo Alto, CA: 
Consulting Psychologists Press.
Ekman, P., & Friesen, W. V. (1982). Felt, false, and miserable smiles. Journal of 
Nonverbal Behavior 6(4), 238-252.
Ekman, P., Friesen, W. V., & Ellsworth, P. (1972). Emotion in the human face. New 
York: Pergamon.
Elliot, H. C. (1969). Textbook of neuroanatomy (2nd ed.). Philadelphia: J. B. Lippin- 
cott.
Emde, R. N., & Koenig, K. (1969). Neonatal smiling and rapid eye movement 
states. Journal of the American Academy of Child Psychiatry, 8, 57-67.
Fogel, A. (1993). Developing through relationships: Communication, self, and culture 
in early infancy. London: Harvester-Wheatsheaf.
Fogel, A., & Thelen, E. (1987). Development of early expressive and communi­
cative action: Reinterpreting the evidence from a dynamic systems 
perspective. Developmental Psychology, 23, 747-761.
Fox, N. A. (1991). If it's not left, it's right: Electroencephalograph asymmetry and 
the development of emotion. American Psychologist, 46(8) 863-872.
Fox, N. A., & Davidson, R. J. (1984). Hemispheric substrates of affect: A devel­
Infant facial dynamics 225
opmental model. In N. A. Fox & R. J. Davidson (Eds.), The psychobiology of 
affective development. Hillsdale, NJ: Erlbaum.
Fox, N. A., & Davidson, R. J. (1988). Patterns of brain electrical activity during 
facial signs of emotion in 10 month old infants. Developmental Psychology, 
24(2), 230-236.
Fridlund, A. J. (1991). Evolution and facial action in reflex, social motive, and 
paralanguage. Biological Psychology, 32, 3-100.
Fridlund, A. J. (1994). Human facial expression: An evolutionary view. San Diego: 
Academic Press.
Friesen, W. V., & Ekman, P. (1992). Changes in FACS scoring. Instruction manual. 
San Francisco, CA: Human Interaction Lab.
Hooff, J. A. R. A. M. van (1972). A comparative approach to the phylogeny of 
laughter and smiling. In R. A. Hinde (Ed.), Non-verbal communication (pp. 
209-241). Cambridge: Cambridge University Press.
Izard, C. E. (1981). Differential emotions theory and the facial feedback hypoth­
esis of emotion activation: Comments on Tourangeau and Ellsworth's "The 
role of facial response in the experience of emotion." Journal of Personality 
and Social Psychology, 40, 350-354.
Izard, C. E. (1983). The maximally discriminative facial coding system (rev. ed.). New­
ark, DE: Instructional Resources Center, University of Delaware.
Izard, C. E., Dougherty, L. M., & Hembree, E. A. (1983a). A  system for identifying 
affect expressions by holistic judgements (AFFEX). Newark, DE: Instructional 
Resources Center, University of Delaware.
Izard, C. E., Hembree, E. A., Dougherty, L. M., & Spizzirri, C. C. (1983b). Changes 
in facial expressions of 2- to 19-month-old infants following acute pain. De­
velopmental Psychology, 19, 418-426.
Izard, C. E., & Malatesta, C. Z. (1987). Perspectives on emotional development I: 
Differential emotions theory of early emotional development. In J. Osofsky 
(Ed.), Handbook of infant development (2nd ed., 494-554). New York: Wiley & 
Sons.
Kaye, K., & Fogel, A. (1980). The temporal structure of face-to-face communica­
tion between mothers and infants. Developmental Psychology, 16, 454-464.
Levenson, R. W., Ekman, P., & Friesen, W. V. (1990). Voluntary facial action gen­
erates emotion-specific autonomic nervous system activity. Psychophysiology, 
27(4), 363-384.
Malatesta, C. Z., Culver, C., Tesman, J. C., & Shepard, B. (1989). The development 
of emotion expression during the first two years of life. Monographs of the 
Society for Research in Child Development, 54(1-2, Serial No. 219).
McCormack, L. J., Cauldwell, E. W., & Anson, B. J. (1945). The surgical anatomy 
of the facial nerve with special reference to the parotid gland. Surgery, Gy­
necology, and Obstetrics, 80, 620-630.
Messinger, D. S. (1994). The development of smiling: A  dynamic systems approach. 
Unpublished doctoral dissertation, University of Utah.
Messinger, D. S. (1995, April). How mothers and infants smile. Poster presented at 
the biennial meeting of the Society for Research in Child Development, In­
dianapolis, IN.
Messinger, D., Fogel, A., & Dickson, K. L. What's in a smile? Individual, morpho­
logical, and developmental variability in infant emotional expression. Manuscript 
in preparation.
Michel, G. F., Camras, L. A., & Sullivan, J. (1992). Infant interest expressions as 
coordinative motor structures. Infant Behavior and Development, 15(3), 347­
358.
226 D. S. Messinger, A. Fogel, & K. L. Dickson
Oster, H. (1978). Facial expression and affect development. In M. Lewis & L. A. 
Rosenblum (Eds.), The development of affect. New York: Plenum Press.
Oster, H., & Ekman, P. (1977). Facial behavior in child development. In A. Collins 
(Ed.), Minnesota symposia on child psychology (Vol. 11, pp. 231-276). Hillsdale, 
NJ: Erlbaum.
Oster, H., & Rosenstein, D. (in press). Baby FACS: Analyzing facial movement in 
infants. Palo Alto, CA: Consulting Psychologists Press.
Oyama, S. (1985). The ontogeny of information. New York: Cambridge University 
Press.
Panksepp, J. (1994). The clearest physiological distinctions between emotions will 
be found among the circuits of the brain. In P. Ekman & R. J. Davidson 
(Eds.), The nature of emotion: Fundamental questions (pp. 258-260). New York: 
Oxford University Press.
Plooij, F. (1979). How wild chimpanzee babies trigger the onset of mother-infant 
play -  and what the mother makes of it. In M. Bullowa (Ed.), Before speech: 
The beginning of interpersonal communication (pp. 223-243). London: Cam­
bridge University Press.
Rinn, W. E. (1984). The neuropsychology of facial expression: A review of the 
neurological and psychological mechanisms for producing facial expres­
sions. Psychological Bulletin, 95(1), 52-77.
Thelen, E. (1995). Motor development: A new synthesis. American Psychologist, 
50(2), 79-95.
Thelen, E., & Smith, E. (1994). A  dynamic systems approach to the development of 
cognition and action. Cambridge, MA: MIT Press.
Thelen, E., & Ulrich, B. D. (1991). Hidden skills: A dynamic systems analysis of 
treadmill stepping during the first year. Monographs of the Society for Research 
in Child Development, 223, 56(1).
Tomkins, S. S. (1962). Affect, imagery, consciousness: Vol. 1. The positive affects. New 
York: Springer-Verlag.
Turvey, M. T. (1990). Coordination. American Psychologist, 45(8), 938-953.
Vygotsky, L. (1978). M ind in society: The development of higher psychological processes 
(M. Cole, V. John-Steiner, S. Scribner, & E. Souberman, Eds.). Cambridge, 
MA: Harvard University Press.
Williams, P. L., Warwick, R., Dyson, M., & Bannister, L. H. (1989). Gray's anatomy. 
Edinburgh: Churchill Livingstone.
Wolff, P. H. (1987). The development of behavioral states and the expression of emotions 
in early infancy: New proposals for investigation. Chicago: The University of 
Chicago Press.
